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REMARKS 

After entry of this amendment, claims 1-4, 6-26 and 28-32 will be pending. 

The Office Action notes that claims 3, 4, 8, 10, 15-17, 23-26 and 28-32 are 
withdrawn from consideration as being drawn to a non-elected species. Claims 1-2, 5-7, 11-14 
and 18-22 stand rejected under 35 U.S.C. 102(b) as being anticipated by U.S. Patent No. 
5,055,704 to Link et al. (hereafter "Link"). 

Withdrawal of Claims 8. 10. 24-26 and 28-32 

The claim listing provided above identifies claims 3, 4, 8, 10, 15-17, 23-26 and 
28-32 as being withdrawn on the basis of the Office Action. For the reasons provided below. 
Applicant traverses the withdrawal of claims 8, 10, 24-26 and 28-32. 

In response to the Restriction Requirement dated April 6, 2005, Applicant elected 
Species I, corresponding to figures 2-3. 

With respect to claim 8, this claim adds the limitation that the radiation power 
source is electrically coupled to the IC via a pair of package substrate leads. The description of 
figure 3 at page 4, line 29, refers to "a pair of leads 303 that are used to couple power source 211 
to IC 203." Accordingly, Applicant submits that claim 8 is drawn to the elected species and 
therefore respectfiilly traverses the withdrawal of this claim. 

With respect to claim 10, this claim adds the limitation that the semiconductor 
package of claim 1 fiirther comprises at least a pair of power source leads in electrical 
communication with at least a pair of the plurality of pins attached to the package support 
member. Figures 2 and 3 each show a plurality of pins 205 attached to the package support 
member. In the specification, immediately following the description of figures 2 and 3, the 
benefits of the invention are described. Among these benefits the specification notes: 

Manufacturing the power source as part of the package rather than 
the chip allows greater flexibility in the use of the power source. 
For example, even though the power source may be in the same 
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package as that used to mount a particular IC, the power source can 
actually be used to power a different IC or component. This can be 
easily accomplished by simply having a portion (e.g., 2) of the 
package pins be dedicated to the power source as opposed to the 
IC. 

Page 5, line 30 - page 6, line 2. Accordingly, Applicant submits that claim 10 is drawn to the 
elected species and therefore respectfully traverses the withdrawal of this claim. 

With respect to independent claim 24, this claim reads on figures 2 and 3, the 
elected species. Specifically: 

- a package support member: member 201 shown in figure 2 

- an IC die support member mounted to said package support member: IC die support 
member 301 shown in figure 3 

- an IC mounted to said IC die support member, said IC having a plurality of contact 
pads: IC 203 shown in figures 2 and 3 

- a plurality of package leads on said package support member: plurality of package 
leads on the support member shown in figure 2 

- a plurality of wire interconnects in electrical communication with said plurality of 
contact pads and said plurality of package leads: plurality of wire intercormects 207 in 
electrical communication with the plurality of IC contact pads and the plurality of 
package leads as shown in figures 2 and 3 

- a plurality of pins in electrical communication with said plurality of package leads: 
plurality of pins 205 in electrical communication with the plurality of package leads 
as shown in figures 2 and 3 

- a package lid attached to said package support member: package lid 209 shown in 
figures 2 and 3 

- a radiation power source mounted to said package lid, said radiation power source 
independent and separate from any ICs mounted to said IC die support member, 
wherein said radiation power source comprises at least one radioactive source and at 
least one semiconductor junction producing current in response to radiation emitted 
by said radioactive source: radiation power source 211 mounted within package lid 
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209, radiation power source 211 independent and separate from IC 203 mounted to IC 
die support member 301, the radiation power source 211 comprising a radioactive 
source 217 and semiconductor junction 213/215 as shown in figures 2 and 3 

Accordingly, Applicant submits that claim 24 is drawn to the elected species and therefore 

respectfiiUy traverses the withdrawal of this claim. 

With respect to claim 25, this claim adds the limitation that the radiation power 
source is electrically coupled to at least a pair of the IC's contact pads. The description of figure 
3 at page 4, line 29, refers to "a pair of leads 303 that are used to couple power source 211 to IC 
203." Accordingly, Applicant submits that claim 25 is drawn to the elected species and therefore 
respectfully traverses the withdrawal of this claim. 

With respect to claim 26, this claim adds the limitation that the radiation power 
source is electrically coupled to at least a pair of the pins. Figures 2 and 3 each show a plurality 
of pins 205 attached to the package support member. In the specification, immediately following 
the description of figures 2 and 3, the benefits of the invention are described. Among these 
benefits the specification notes: 

Manufacturing the power source as part of the package rather than 
the chip allows greater flexibility in the use of the power source. 
For example, even though the power source may be in the same 
package as that used to mount a particular IC, the power source can 
actually be used to power a different IC or component. This can be 
easily accomplished by simply having a portion (e.g., 2) of the 
package pins be dedicated to the power source as opposed to the 
IC. 

Page 5, line 30 - page 6, line 2. Accordingly, Applicant submits that claim 26 is drawn to the 
elected species and therefore respectfiiUy traverses the withdrawal of this claim. 

With respect to claim 28, this claim is identical to claim 6 except that it depends 
from claim 24 rather than claim 1 . Claim 6 is currently pending. For the reasons noted above. 
Applicant submits that claim 24 is readable on the elected species. Accordingly, Applicant 
respectfully traverses the withdrawal of claim 28. 
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With respect to claim 29, this claim is identical to claim 1 1 except that it depends 
from claim 24 rather than claim 1 . Claim 1 1 is currently pending. For the reasons noted above, 
Applicant submits that claim 24 is readable on the elected species. Accordingly, Applicant 
respectfully traverses the withdrawal of claim 29. 

With respect to claim 30, this claim is identical to claim 12 except that it depends 
from claim 24 rather than claim 1 . Claim 12 is currently pending. For the reasons noted above. 
Applicant submits that claim 24 is readable on the elected species. Accordingly, Applicant 
respectfully traverses the withdrawal of claim 30. 

With respect to claim 31, this claim is identical to claim 13 except that it depends 
from claim 24 rather than claim 1. Claim 13 is currently pending. For the reasons noted above. 
Applicant submits that claim 24 is readable on the elected species. Accordingly, Applicant 
respectftilly traverses the withdrawal of claim 3 1 . 

With respect to claim 32, this claim is identical to claim 14 except that it depends 
from claim 24 rather than claim 1 . Claim 14 is currently pending. For the reasons noted above. 
Applicant submits that claim 24 is readable on the elected species. Accordingly, Applicant 
respectfully traverses the withdrawal of claim 32. 

Rejection of Claims 1-2, 5-7, 1 1-14 and 18-22 Under 35 U.S.C. 102(b) 

Claims 1-2, 5-7, 1 M4 and 18-22 stand rejected under 35 U.S.C. 102(b) as being 
anticipated by U.S. Patent No. 5,055,704 to Link et al. (hereafter "Link"). Link teaches an 
integrated circuit package which includes a pair of batteries (e.g.. Fig. 1, abstract, and col. 3, line 
64-col. 4, line 6). The OflFice Action refers to batteries 24 and 26 as "a radiation power source". 
The Office Action also notes that Link teaches that the batteries can be a beta cell (present claims 
1 1 & 29); a beta cell comprised of an icosahedral boride semiconductor (present claims 12 & 
30); comprised of a homo-junction (present claims 13 & 31); or comprised of a hetero-junction 
(present claims 14 & 32). Applicant respectfully disagrees. 
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Link Does Not Disclose a Radiation Power Source 

The Link patent never refers to batteries 24 and 26 being anything other than a 
standard battery. The terms "radiation", "radioactive", "beta cell", "icosahedral boride", "homo- 
junction" and "hetero-junction" are never used in the Link patent. Accordingly Applicant 
respectfully submits that the Link patent is not a 102(b) reference. 

A typical battery, i.e., one such as that used in the Link patent, utilizes an 
electrochemical reaction to generate electricity, such reaction being first discovered in the 1800's 
by Volta (i.e., the Voltaic cell). Although today's batteries are quited sophisticated, the basic 
mechanism is the same (i.e., an electrochemical reaction). Exemplary batteries include nickel 
cadmium (NiCd), nickel-metal hydride (NiMH), sealed lead acid (SLA), lithium ion (Li-Ion), and 
lithium polymer (Li-Polymer). The Link patent discloses that lithium batteries such as those 
manufactured by Sanyo are suitable for use in the disclosed device. Attached herewith is an 
overview of lithium ion batteries obtained from the Sanyo website (i.e., at 
http://www.sanvo.com/batteries/pdfs/lionT E.pdf ). 

Independent claims 1 and 24 each claim "a radiation power source". These claims 
also claim that the radiation power source is comprised of "at least one radioactive sources and at 
least one semiconductor junction producing current in response to radiation emitted by said 
radioactive source". The Link patent does not disclose or suggest a radiation power source, a 
radioactive source, or a semiconductor junction that produces current in response to radiation 
emitted by the radioactive source. Accordingly, Applicant respectfully submits that the present 
invention is novel and non-obvious in light of the Link patent. 

Radioactive batteries do not utilize an electrochemical reaction. Rather, in a 
radioactive battery such as a beta cell, current is generated in a semiconductor junction (e.g., pn 
junction) when beta particles emitted by a decaying radioactive source strike the jimction. As a 
result of this process, a radioactive battery can operate for tens of years without maintenance or 
recharging. The primary lifetime limitations placed on such a battery are (i) the half life of the 
radioactive source and (ii) material damage to the junction resulting from the continuous impact 
of the beta particles. Thus, unlike a standard electrochemical battery, a radioactive battery has 
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countless applications where maintenance free, long-life performance is desired (e.g., medical 
applications, space applications, etc.). The promise offered by such batteries is touched upon in 
the three attached articles: New 'Nuclear Battery ' Runs 10 Years, 10 Times More Powerful 
(University of Rochester Press Release); Radioactive Battery Provides Decades of Power 
(GeekExtreme.com); and PowerPedia: Beta Voltaic 
(http://peswiki.eom/energv/PowerPedia:Beta voltaic) . 

Given the differences between a standard electrochemical battery and a 
radioactive power source, both in terms of performance (e.g., life, size) and in terms of design, 
Applicant submits that the two types of battery are not functionally, or otherwise, equivalent. 
Applicant further submits that it would not have been obvious in light of the cited references to 
replace the batteries of Link with a radioactive power source. Accordingly, Applicant requests 
the withdrawal of the rejection under 35 USC 102(b). 

Present Amendment of Claims 1 and 24 

Claim 1 has been amended to include the limitations of claim 5. Note that the 
batteries in the cited art (i.e., batteries 24 and 26) are held within recesses 20 and 22 of bottom 
portions 28 and 30 of structure 12. (Column 2, lines 37-41). A top spring claim 100 holds the 
batteries in place. (Column 3, lines 39-43). In contrast, the radioactive power source of claim 1 
is "contained v^thin said top package member". As a result of this amendment, claim 1 is 
further distinguishable over the cited art. 

Claim 24 has also been amended, replacing the phrase "a radiation power source 
mounted to said package lid" with the phrase "a radiation power source contained within said 
package lid". As noted above, this amendment further distinguishes the invention over the cited 
art. 

Applicant submits that claims 1 and 24, as presently amended, are directed to the 
elected species (i.e., figures 2 and 3). Specifically, the amendments provide that the radioactive 
power source is contained within the top package member or lid. This aspect of the invention is 
shown in both figures 2 and 3 which indicate that radioactive power source 211 is contained 
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within lid 209. This aspect of the invention is also disclosed within the specification at page 4, 
lines 23-24. 

Previous Amendment of Claims 1 and 24 

The Office Action dated May 2, 2005 objected to the "stand-alone" as being 
vague and ambiguous. The response filed on June 9, 2005 amended the claims, deleting the 
phrase "stand-alone" and adding the limitation that the radiation power source is "independent 
and separate from any ICs mounted to said package support member". The Office Action dated 
August 23, 2005 notes that this added limitation is directed to a non-elected species. Applicant 
respectfully disagrees. 

By stating that the radioactive power source is "independent and separate", the 
claims specifically distinguish over systems in which the radioactive power source and the IC are 
fabricated on the same substrate. This is referred to in the specification at page 4, lines 30-32, 
which define the term "stand-alone", noting that the radioactive power source is a "stand-alone 
(i.e., isolated) power source as opposed to fabricating the power source on the same substrate as 
that of the IC. . .". As noted in the specification, this manufacturing approach yields improved 
radiation shielding of the IC (page 5, lines 1-5), greater manufacturing flexibility (page 5, lines 6- 
15 and lines 23-29), improved personnel safety (page 5, lines 16-22), and greater application 
flexibility (page 5, line 30 - page 6, line 4). 

With respect to the elected species, the added limitation is clearly drawn to the 
species shown in figures 2 and 3. In these figures the radioactive power source 211 is mounted 
within the top package member 209 while IC 203 is mounted to the package support member 
201. Thus the two devices are independent and separate from one another. This phrase also 
clearly states that the IC is mounted on the package support member which, as previously noted, 
it is in figures 2 and 3. 

In conclusion. Applicant submits that all pending claims are in condition for 
allowance. If in the opinion of the Examiner a telephone conference would expedite the 
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prosecution of the subject application, the Examiner is invited to call the undersigned at (415) 
889-5700. 

For these reasons, and in view of the above amendments, this application is now 
considered to be in condition for allowance and such action is earnestly solicited. 

Respectfully Submitted, 



Date 



Patent Law Office of David G. Beck 

P.O. Box 1146 

Mill Valley, CA 94942 

Tel. 415-889-5700 Fax 415-889-5706 




David Beck 
Attorney for Applicant 
Reg. No. 37776 



13 



Lithiam ion Table of Contents 



1 Overview of Lithium Ion Batteries 

• 1-1. Feature of Lithium-ion Battery #1-2. Principles of Lithium-ion Battery 

2 Cylindrical Type 

•2-1. Features of Battery •2-2. Structure of Battery •2-3. Charge Characteristics 
•2-4. Discharge Characteristics ^2-5. Storage Characteristics •2-6. Cycle Life 

3 Prismatic Type 

•3-1. Features of Battery •3-2. Structure of Battery •3-3. Charge Characteristics 
•3-4. Discharge Characteristics •S-S. Storage Characteristics •S-S. Cycle Life 

4 Safety 

•4-1 . General Safety •4-2. Safety Mechanism •4-3. Criteria of Safety •4-4. Protection Circuit 

5 Charging Method 

•5-1. Charging Outline •5-2. Charging Method •5-3. Charging method of Assembled battery 

6 Important Cautions for Handing Batteries 

•6-1. Outline ^6-2. Restriction on Usage •6-3. Preparation before Use •6-4. Non-specified Use 
•6-5. Methods of Use •e-B. Maintenance and Inspection •B-?. Countermeasures 
•6-8. Precautions for the Design and Installation into Equipment Incorporated Lithium-ion Batteries 
•6-9. Regarding to Recycle •6-10. Others^6-11. Cautions to be indicated on Lithium-ion Battery 



7 Glossary 



U- " ■ ' ' [ 

Overview of 
ytbiiJiin Ion 

Batteries I 

1— > Feature of !Lithium--ion ^ ' 

Battery^:'' i 



1 -2 vPrinciples^of Lithium-ion 
; \ Battery. J^^i^/ ^ , 




■ 1-1 Feature of Lithium-ion 
• Battery 

Lithium secondary battery is a general term of 
battery that uses hthium metal, lithium alloy or 
material absorbing lithium ion for negative active 
material. 

Lithium-ion battery uses carbon material for the 
anode and lithium ions exist in the carbon material. It 
means that there is no metallic lithium at any state of 
charge during normal usage. In order to differentiate 
from the batteries that use lithium metal or lithium 
alloy as the anode, it is called Lithium-ion battery. 

Main features of SANYO Lithium -ion battery are as 
follows. 

(1) High energy density with volumetric energy 
density 1.5 times higher and gravimetric energy 
density 2 times higher than that of high capacity 
model of Ni-Cd battery. This means that Lithium- 
ion battery is much more suitable for lighter or 
smaller portable appUcations. 

(2) Voltages are high with average operating voltages 
at 3.6 to 3.7V and these are approximately the 
same as three cells in series of Ni-Cd or Ni-MH 
batteries. It means that using Lithium ion 
batteries reduces the number of ceUs in actual use. 

(3) Discharge curves are flat because of highly 
crystallized carbon graphite used as the anode. 

(4) Long cycle life normally 300 to 500 charge 
discharge cycles can be achieved. 

(5) Self-discharge is lOW, approx 2% / month at room 
temperature. 

(6) There is no memory effect as in Ni-Cd batteries. 

(7) Safety is high due to no metallic hthium content 
and improved structures. 



■ 1-2 Principles of Lithium-ion 
Battery 

•1-2-1 Mechanism of charge / 
discharge 

Lithium-ion batteries do not use metaUic lithium, so 
battery Hfe is not reduced by internal short circuit 
caused by Lithium dendrites, which was the main 
weakness of other hthium secondary batteries. 
Furthermore the chemical stability of carbon anode, 
even fully charged is higher than metaUic hthium. 
Therefore Lithium-ion batteries are safer systems. 

Lithium "ion battery consists of hthium cobaltate 
cathode, graphite anode, organic solvent electrolyte 
including lithium salt and separator. 



Fig. 1-1 shows schematic for chemical reactions of 
Lithium -ion batteries. Both electrodes have layered 
structure, and when charging, lithium ions come out 
from the cathode and move through electrolyte to be 
deposited in between the layers of the graphite anode. 
When discharging the reaction is revised. 
Reactions of charge and discharge are follows. 

Reactions of UthiumHon Battery 



( Positive Eiectrode ) 

Lico02 



Lii xCo02 xLi *xe 



Discharge 

( Negative Electrode 

Cy +xLi* + Xe' Discharge CyLix 
( Overali ) charge^ 

LiCo02 + Cy Discharge Lii-xCoOz + CyLix 

Lithium ions are the medium by which electrons are 
carried and are included in positive electrode materials. 
There is no need to treat metallic Uthium in 
assembUng Li-ion cells. During the charging process, 
lithium ions in the positive electrode transfer into the 
negative electrode and are placed between the layers of 
graphite, which makes electrical potential difference. 

Since cells are partially charged during the 
production process for shipping purposes, the formula 
shown above can more accurately represented by 
l-xCog/CyLix. 

Fig.1-1: Diagram sliowing reaction of Lithium-ion 
battery wlien cliarging/discharglng. 



Negative 



#1-2-2 Differences from Nickel 

Cadmium and Nickel Metal 
Hydride batteries 

Ni-Cd and Ni-MH batteries are using alkaline 
aqueous electrolyte and hydro oxide ions carry the 
electrical charges. During charging water is created 
and oxygen gas is generated, so the charge/discharge 
process loses efficiency to below 100%. However, this 
sub-reaction can prevent overcharging enabling the 
manufacture of sealed batteries. 

Conversely Lithium-ion batteries charge/discharge 
process is practically 100% efficient except the first 
charge/discharge cycle, but this is a disadvantage in 
overcharge and over-discharge. 

Lithium "ion batteries use an organic solvent for the 
electrolyte which is different from alkaline 
rechargeable batteries and the conductivity being 
lower makes high rate discharge dif&cult. This is 




overcome by using larger area electrodes. 

# 1 -2-3 Method of manufacturing 

In order to ensure high performance and safety, 
there are many compUcated manufacturing processes, 
and batteries are made in a carefully controlled 
environment using strictly controlled and maintained 
equipment. 

The electrodes are manufactured using active 
materials, conductive agents and binder which are 
mixed with liquid. These mixtures are then uniformly 
coated onto the thin metal foil, then after drying, the 
electrodes are cut down to the designated sizes. 

The cathode and anode electrodes are then wound 
together with a separator and inserted into a can and 
the electrol3rte is filled. The sealing completes the 
battery assembly. 

Prior to shipping the batteries to customers, the 
batteries will undergo an aging process, thorough 
inspections, initial charge/discharge cycle, etc., 
ensuring the highest quality of product is maintained. 

• 1-2-4 Cathodes 

Materials containing lithium ions and which can be 
used the cathode active material must be capable of 
deintercalation of lithium ions during charge and 
intercalation of hthium ions during discharge. Lithium 
cobaltate (LiCoOa) is used mainly in the marketplace 
and it is known that lithium nickelate (LiNiOz) or 
lithium manganate (LiMn204) are also used for the 
cathode. Fig. 1*2 shows comparisons of discharge 
characteristics for various cathode materials. 

SANYO is using lithium cobaltate as the cathode 
because of its good reversibiUty, capacity, efficiency, 
voltage and flat discharge characteristics. 

Fig. 1-2: Discharge characteristics of different 
positive materials 
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• 1-2-5 Anodes 

In order to create Lithium-ion batteries with 
higher energy density using carbon anodes, it must 
use a carbon material having large lithium storage 
capability. 

Presently, two types of carbon materials are used. 
One is highly crystallized carbon like graphite and 
the other is amorphous carbon like coke. QLi is 
equivalent to a Uthium ion doped in a hexagonal ring 
of carbon atoms, and its theoretical capacity is 
372mAhyg. Highly crystallized carbon can obtain 
large capacity and graphite can obtain the capacity 
close to the theoretical value. The biggest difference 
between coke and graphite is discharge 
characteristics, and these . characteristics are 
compared in Fig. 1-3. 

Rg.1-3: Discharge characteristics of different 
negative materials 
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Using the coke system, remaining capacity can 
easily be measured using the discharge curve, 
however graphite system is superior in terms of its 
fundamental purpose of supplying more energy. 

SANYO is using graphite as the anode for the 
above mentioned reasons. 

• 1-2-6 Separators 

Major functions of battery separators are to 
insulate positive and negative electrodes, retain the 
electrolyte and transmit lithium ions. To ensure 
functionality the separator needs to have the 
following characteristics^ 

(1) Electrical insulation 

(2) Chemical and thermal stability against 
electrolyte 

(3) Capability of holding electroljrte 

(4) Porous for transmission of lithium ions 

(5) Thinness and mechanical strength 

Polyethylene and polypropylene porous thin films 
are generally used as suitable materials for above- 
mentioned requirements. The pores of these films 
melt and prevent the lithium ions from passing 
through the separator at certain temperature, which 
makes a major contribution to safety of Lithium-ion 



batteries as instructed in section 4-2. 

• 1-2-7 Electrolyte 

Electrolyte carries out the essential role of carrying 
lithium ions (which means current flow). 
In case of lead acid for Ni*Cd and Ni-MH battery, 
aqueous solution is used as electrolyte. However, 
because Lithium-ion battery is used at high voltages 
over 4V, which causes electrolysis of water, lithium 
salt in nonaqueous organic solvent is appropriate for 
electrolyte. 

The organic solvent is required to satisfy the 
following characteristics. 

(1) High conductivity of lithium ion 

(2) Electric chemical stability (at over 4V) 

(3) Chemical and thermal stability 

(4) Wide temperature rage 

Due to voltages over 4V, only limited types of 
solvent are suitable for Lithium-ion batteries. As for 
electrolyte salt, it is necessary to increase the 
conductivity of electrolyte and LiPF6 in mixed 
solvent mainly including ethylene carbonate is 
generally used. 

• 1 -2-8 Materials for Can 

Material for can of positive side have to withstand 
Lithium-ion's high voltage of over 4V. Stainless can 
be used for 3V, but Lithium -ion battery (cylindrical 
type) adopts nickeLplated iron for over 4V. On the 
other hand, Sanyo pioneered and has been leading 
the lightening competition by using aluminum alloy 
for outer can (negative) of prismatic types. 
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■2-1 Features of Battery 

Standard cylindrical type was the first produced 
type in Lithium'ion history. Cyhndrical tjnpes are 
used mainly in multi-series and parallel 
configurations for personal computers, camcorders, 
etc. 

In general, cylindrical types have shorter width 
(diameter) and more capacity than prismatic types. 
This is why cylindrical types are very prefered when 
high capacity is needed for long tube-shaped space, 
such as a hinge of notebook PC. 



■ 2-2 Structure of Battery 

Fig.2* 1 shows the structure of Sanyo's cylindrical type 
Lithium-ion cell. 

Fig.2-1: Internal staicture of Battery 
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As already mentioned, electrodes are a spirally 
wound roU consisting of very thin sheets of positive 
and negative electrode and high polymer separators. 
Therefore cylindrical cells have an efficient structure 
which allows for a good performance for energy 
density, charge/discharge characteristics, and 
temperature characteristics. 

The electrolyte is an organic solvent with high 
voltage stability mixed with lithium salt. 
In order to keep safety in case of abnormal use, the 
cell has some protective parts in it such as PTC 
device, gas release vent, or special separator. 

PTC has a combined function of current fuse and 
thermal fuse. When over-current flows through the 
PTC, self- heating increases its resistance. In a case 
like that, the resistance will go up to some 10k ohm, 
which controls abnormally large current. Cylindrical 
cells have a ring-shaped PTC in its sealing cap, which 
prevents excess current(e.g. by short-circuit) firom 
causing abnormal heating of the cell. 
In addition, the ceU is equipped with a current 
interrupt device(CID) combined with a gas release 
vent. This will stop charging when pressure increases 
in the cell and the cell will vent in case of further 
increase in pressure. Fig. 2- 2 shows the structure of it. 
The top of the vent is welded to positive cap No.2. 
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When the vent is raised up by pressure in the cell, it 
will be removed from positive cap No.2 and current 
will never flow. 

Fig.2-2: Structure Diagram of Sealing Parts 
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For separator, micro-porous polymer film is 
adopted based on the know-how of Lithium primary 
battery for cameras. The separator has current- 
interrupting function. If abnormal use (such as 
short-circuit) causes excess heat of the cell, meltdown 
will shut down the pores and restrain the flow of 
lithium ions. 

Cylindrical cell is assembled and sealed using 
these kinds of functional parts. 



■2-3 Charge Characteristics 
•2-3-1 Outline 

Charge is the operation that makes the discharged 
battery reusable. Normally Lithium-ion battery is 
charged by constant current-constant voltage (CC* 
CV) method. For CC-CV charging, chargers need to 
control Max charge voltage, which is 4.2 +/- 0.03V(4.2 
+/- 0.05V in special cases) for Sanyo's Lithium-ion 
batteries. 

Fig,2-3 shows typical charge characteristics of 
Lithium -ion battery. 



Rg.2-3 Charge Characteristics 
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When a battery is charged with CC CV (1C-4.2V), 
it is charged with constant current of IC and the cell 
voltage gradually goes up to the controlled 
voltage(4.2V) in about 50 minutes. At this point, state 
of charge is about 80%. After that, CV charging starts 
and charge current decreases. Charging is completed 
in about 2.5 hours. 



#2-3-2 Charge Conditions and Charge 
Time 

Fig.2-4 shows charge characteristics depending on 
charge current. 

Fig.2-4: Charge current and Charge capacity 
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When charging at higher currents, the cell voltage 
rises more quickly. This is because of the rise of over- 
voltage in electrode reactions, and the rise of voltage 
caused by the internal resistance of the cell. 
Therefore, larger charge current will decrease the 
time of CC area. However, if the constant current is 
over IC, current value makes no big differences on 
total time for 100% charge because percentage of CV 
area becomes much longer. Normal charge current for 
this battery is between 0.2C and 10. 

Fig.2-5 shows ambient temperature- charge amount 
characteristics. 

Rg.2-5: Ambient temperature and Charge amount 
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The cell voltage depends on ambient temperature. 
The lower the ambient temperature, the higher the 
cell voltage because of the increase of over-voltage in 
electrodes reactions. The point is that charging at 
under Odeg.C is not practical because it takes long 
time to reach 100% charged state. The normal charge 
temperature is between 0 and 40deg.C. 

Also charge capacity depends on the charge end 
current. Fully charged state can be defined as 
charging terminated by current under 0.02C ~ 0.05C. 
Larger terminating current means more room for 
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•2-3-3 Precautions for Charging 

Do not continuously charge, otherwise battery 
performance will deteriorate. Also, the charger needs 
to be designed on the same basis. (Refer to 
sections "Charging method" for more details.) 



■2-4 Discharge Characteristics 
•2-4-1 Outline 

Discharging voltage of Lithium-ion batteries 
changes depending on discharge current, ambient 
temperature and other conditions, but it is 3.7V on 
average, which is about Stimes that of Ni-Cd and Ni- 
MH. This higher discharging voltage is one of the 
major advantages of hthium-ion. For example, 
appliances driven by 3-4V need 3senes of Ni-Cd or 
Ni MH whereas only 1 series of Lithium-ion is 
needed. 

•2-4-2 Discharge Rate 

Fig.2-6 and 2-7 show the relationship between 
discharge rate, voltage and capacity. 

Fig.2-6: Discharge Rate (Rate) 
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Fig.2-7: Discharge Characteristics (Rate) 
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Increasing discharge current means decreasing 
discharge capacity. This is because of decUne of the 
reactivity of active materials. Also, larger discharge 
current causes lower discharge voltage because 
polarization voltage in electrode reactions increases. 
Standard discharge current is below IC for 
continuous discharge and below 2C for pulse 
discharge because discharging with over 2C leads to 
large voltage drop. 



•2-4-3 Ambient Temperature 

Fig.2-8,9 illustrates the relationship between 
ambient temperature and cell voltage during 
discharge. 

Fig.2-8: Discharge Rate (Temperature) 
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Fig.2-9: Discharge Characteristics (Temperature) 
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Discharge capacity at high temperature is equal to 
or larger than at room temperature, but the capacity 
at low temperatures decreases because low ambient 
temperature lowers reactivity of the electrode and 
cell voltage. This capacity deterioration is just 
temporary. The performance will recover at room 
temperature. 

CyUndrical type has a PTC built in. PTC working 
conditions (ambient temperature and discharge 
current) need to be confirmed for each specific case 
because the conditions depend on configuration of 
assembled battery. 

•2-4-4 Ovei^discharge 

Over-discharge leads to deterioration of 
performance. Use Lithium-ion batteries over the 
recommended voltage limits. 

In extreme cases that an assembled battery is 
deeply discharged, polarity of the cell with the lowest 
capacity will be reversed because the cells which 
compose the assembled battery have small 
differences of capacities. Repeated deep discharge 
could cause rapid deterioration of performance. Do 
not over- discharge batteries to avoid polarity reversal. 
For this reason, recommended discharge end voltages 
are Usted below. 

For 1 series( 3.7V) connection: 2.75V or higher 
For 2 series( 7.4V) connection^ 6.0V or higher 
For 3 series(ll.lV) connection- 9.0V or higher 
For 4 serie8(l4.8V) connection^ 12.0V or higher 
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In addition, each assembled battery is equipped 
with over- discharge protection circuit, which sets up 
the over-discharge limit voltage (2.0-2.4V). (Refer to 
section4 "Safety " for more details.) 



■2-5 Storage Characteristics 
•2-5-1 Outline 

Even when disconnected from a load after being 
charged, batteries lose their energy through self- 
discharge, which leads to capacity loss and lower 
voltage. The self-discharge of Lithium-ion battery is 
about 3%/month for 100%-charged state at room 
temperature, which is less than Ni-Cd and Ni-MH. 
Self-discharge rate depends on state of charge of 
battery and ambient temperature during storage. 
Practical self-discharge rate includes consumption 
current of protection circuit that is built in assembled 
batteries. 

•2-5-2 Storage Temperature 

The relationship between storage temperature and 
residual capacity is shown in Fig.2-10. 
High temperature increases the self-discharge rate. 

Rg.2-10: Storage Characteristics (Residual 
capacity rate) 
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#2-5-3 Recoverable Capacity after 
Storage 

Following long-term storage. Lithium-ion battery 
cannot recover 100% capacity by recharging. The rate 
of recovery depends on state of charge and storage 
temperature. In these cases, the lost capacity never 
recovers completely even after several cycles of 
charge and discharge. Fig.2-11 shows recoverable 
capacity rate after long-term storage from 100%, 40% 
charged state and discharged state. 



Rg.2-11: Storage Characteristics (recoverable 
capacity rate) 
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The higher the state of charge, the lower the 
amount of capacity becomes recoverable. Higher 
storage temperature increases the differences. In 
other words, recoverable capacity depends on the 
state of charge. The lower the state of charge, the 
more capacity can be recoverable. If stored at 
discharged state, except for overdischarged state, 
lithium-ion battery can recover 100% capacity even 
at storage temperature of 60deg.C. 

A decline of recoverable capacity rate is also caused 
by long-term storage at over-discharged state of 
below IV. This phenomenon appears earlier at higher 
storage temperature. The reason is that higher 
temperature accelerates self- discharge and will 
reduce the time taken for the cell voltage to reach IV. 
This is why Sanyo recommends that lithium-ion 
battery is stored at low temperature and at 
discharged state unless it becomes over discharged 
state. 

#2-5-4 Precautions for Storage 

In order to optimize Lithium ion battery's 
performance, compliance with following conditions is 
recommended. 

(1) Storage Temperature, Humidity 

Ensure that the batteries are stored in non- 
condensing atmosphere with no corrosive gas. 
(Humidity 65-h/-20%) 

Less than 30days*. -20 to SOdeg.C 
30 - 90days : -20 to 40deg.C 
More than 90days: -20 to SOdeg.C 
Do not store out of above listed temperature 
range and/or at extremely high humidity, or 
leakage and rust could happen. 

(2) Long-term Storage 

Even though over-discharge protection is built 
into each battery pack, if it is stored connected to 
a load, the recoverable capacity rate tends to 
reduce because it takes shorter to fall down to 
over-discharge protection working voltage. For 
this reason, disconnect battery from load in a 
case of long-term storage, or battery could not be 
fully charged and the recoverable capacity rate 
could be deteriorated. 
Charge about 10% every 6months if the battery is 
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not used for long periods. 

Please consult Sanyo on details because it depends 
on battery pack design (e.g. cell configuration, 
protection circuit). 



■2-6 Cycle Life 
•2-6-1 Outline 

In general, end of cycle life of secondary batteries 
is defined when capacity falls below 60% of the 
nominal capacity and no longer recovers by 
subsequent cycles. Cycle life largely depends on the 
cycle conditions such as charge, depth of discharge, 
current and ambient temperature. 
Fig.2-12 gives an example of cycle characteristics. 

Fig.2-1 2: Cycle Characteristics 
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Conditions that will reduce cycle life. 
•Over-charging with excessive voltage 
-Continuous charging 

-Charging and discharging with excessive current 
Over-discharging to protection working voltage 
'Ambient temperature cut of the recommended 
range. 

Unlike other kind of secondary. Lithium-ion batteries 
do not suffer from memory effect. 

•2-6-2 Factors affecting Cycle Life 

(1) Reasons for Battery Cycle Life Reduction 

Cycle life is determined mainly by the 
degradation of electrolyte causing a rise in internal 
resistance and decline of reversibility of electrode 
active materials. 

These kinds of phenomena are accelerated when 
charge-discharge conditions recommended by 
Sanyo are not maintained. 

(2) Battery Temperature 

Cell temperature is one of the factors that make 
a difference on cycle life of Lithium 'ion battery. 
Sanyo's recommendation is 0"40deg.C for charge 
and 0-60deg.C for discharge. 

Long-term storage of charged cells at high 
temperature also shortens the cycle life. 



(3) Condition of Charge 



Fig.2-13 shows the relationship between cycle 
number and charging voltage curve. After cycUng, 
the CC area reduces and the CV area becomes 
extended. This transition occurs due to increase 
of internal resistance caused by charge-discharge 
cycles, 

Fig.2-1 3: Cycle Characteristics (Charge) 
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Above mentioned is referring to full charge - 
discharge. However, in practical use, shaUow 
charge-discharge is used in most cases. Lithium- 
ion batteries have no memory effect like Ni-Cd and 
Ni-MH. 

Then, let us explain about shallow charge - 
discharge cycle characteristics. In a case of, for 
example, an experimental regular cycle of fuU 
charge - 50% discharge cycle, the cycle life is about 
twice as long as normal fuU cycle. This is shown in 
fig.2-14. 

Rg.2-14: Cycle Characteristics (Depth of 
Discharge) 
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Lithium -ion batteries have the regulated 
controlled charge voltage. Charging by voltage 
beyond the controlled voltage (over-charge) can 
deteriorate cycle life. And that also could cause 
heat, explosion and fire because of abnormal 
reactions inside the cell. 

Continuously charging without time control also 
reduces cycle life. Charging should be stopped at a 
given time Umit or when a specific current is 
reached. 
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(4) Condition of Discharge 

After several hundreds cycles, discharge voltage 
of Lithium-ion batteries reduces. Fig.2-15 shows 
relationship between number of cycles and 
discharge characteristics. The reason for this 
voltage change is due to the increase of internal 
resistance brought about by cycling. 



Rg.2-15: Cycle Characteristics (Discharge 
Characteristics) 
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■3-1 Features of Battery 



Pnsrriatic 



3-1 Features of Battery 
3-^ Structure of Battery 



I 3~3 Gharge characteristics 



3-4 Discharge characteristics 



3^5 Storage dharacteristics 



3-6 Cycle Life 



I. : 




In connection with small and light weight'sizing of 
apphcations, the battery used as the power supply 
has also been asked for less-space, light weight and a 
high performance. Following this trend, prismatic 
type has been developed, keeping the good features of 
cylindrical type. 

Based on Sanyo's cylindrical technology and adding 
new innovative technologies, the prismatic type 
achieved the goal of giving light weight and high 
capacity. 

Light weight was achieved by using aluminum alloy 
for the case increasing the energy density by 30% in 
comparison to batteries using a steel case. Using the 
aluminum can for prismatics compensates for any 
weight increase which would have occurred when 
changing battery form from cylindrical. 

The aluminum can and laser welding technologies 
are very complex. But Sanyo developed and 
pioneered these technologies and brought light 
weight products to market ahead of our competitors. 
Sanyo continues to improve the technology by 
bringing products that are lighter with even 
increasing capacity. 



■3-2 Structure of Battery 

Fig. 3-1 shows the structure of Sanyo's prismatic type 
lithium-ion cell. 

Fig.3-1: Internal structure of Battery 




The electrodes are manufactured as mentioned in 
section 1-4-2. 

Prismatic cells are essentially made the same as 
cylindrical cells. The wound electrodes, with a 
separator in between is compressed and inserted into 
the case which is then closed with a sealing plate. 

To reduce weight, an aluminum can is used as the 
case. The sealing plate is laser welded to the can 
ensuring high reliability against leakage. 

Same as cylindrical cells, prismatic cells are 
equipped with a gas release vent to release the 
internal gas in case pressure increases in the cell. 
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■3-3 Charge Characteristics 
#3-3-1 Outline 

Charge is the operation that makes the discharged 
battery reusable. Normally Lithium -ion battery is 
charged by constant current-constant voltage (CC- 
CV) method. For CC-CV charging, chargers need to 
control Max. charge voltage, which is 4.2 +!- 
0.03V(4.2 +/- 0.05V in special cases) for Sanyo's 
Lithium -ion batteries. 

Fig.3-2 shows typical charge characteristics of 
Lithium-ion battery. 



Fig.3-2 Charge Characteristics 
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When a battery is charged with CC'CV (1C-4.2V), 
it is charged with constant current of IC and the cell 
voltage gradually goes up to the controlled 
voItage(4.2V) in about 50 minutes. At this point, state 
of charge is about 80%. After that, CV charging starts 
and charge current decreases. Charging is completed 
in about 2.5 hours. 

#3-3-2 Charge Conditions and Charge 
Time 

Fig.3-3 shows charge characteristics depending on 
charge current. 

Rg.3-3: Charge current and Charge capacity 
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total time for 100% charge because percentage of CV 
area becomes much longer. Normal charge current for 
this battery is between 0.2C and IC. 

Fig.3-4 shows ambient temperature- charge amount 
characteristics. 

Fig.3-4: Ambient temperature and Charge amount 
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The cell voltage depends on ambient temperature. 
The lower the ambient temperature, the higher the 
cell voltage because of the increase of over-voltage in 
electrodes reactions. The point is that charging at 
under Odeg.C is not practical because it takes long 
time to reach 100% charged state. The normal charge 
temperature is between 0 and 40deg.C. 

Also charge capacity depends on the charge end 
current. Fully charged state can be defined as 
charging terminated by current under 0.02C - 0.05C. 
Larger terminating current means more room for 
charge. 

#3-3-3 Precautions for Charging 

Do not continuously charge, otherwise battery 

performance will deteriorate. Also, the charger needs 
to be designed on the same basis. (Refer to 
sections "Charging method" for more details.) 



■3-4 Discharge Characteristics 
•3-4-1 Outline 

Discharging voltage of Lithium-ion batteries 
changes depending on discharge current, ambient 
temperature and other conditions, but it is 3.7V on 
average, which is about 3times that of Ni-Cd and Ni- 
MH. This higher discharging voltage is one of the 
major advantages of lithium -ion. For example, 
appliances driven by 3-4V need 3series of Ni-Cd or Ni- 
MH whereas only 1 series of Lithium -ion is needed. 



When charging at higher currents, the cell voltage 
rises more quickly. This is because of the rise of over- 
voltage in electrode reactions, and the rise of voltage 
caused by the internal resistance of the cell. 
Therefore, larger charge current will decrease the 
time of CC area. However, if the constant current is 
over IC, current value makes no big differences on 
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•3-4-2 Discharge Rate 

Fig.3-5 and 3-6 show the relation between discharge 
rate, voltage and capacity. 

Fig.3-5: Discharge Rate (Rate) 
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Fig.3-6: Discharge Characteristics (Rate) 
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Increase of discharge current means decrease of 
discharge capacity. This is because of decline of the 

reactivity of active materials. 

Also, larger discharge current causes lower discharge 
voltage because polarization voltage in electrode 
reactions increases. 

Standard discharge current is below IC for 
continuous discharge and below 2C for pulse 
discharge because discharging with over 2C leads to 
a large voltage drop. 

#3-4-3 Ambient Temperature 

Fig.3-7,8 illustrates the relationship between 
ambient temperature and cell voltage during 
discharge. 

Fig.3-7: Discharge Rate (Temperature) 
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Fig.3-8: Discharge Characteristics (Temperature) 
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Discharge capacity at high temperature is equal to 
or larger than at room temperature, but the capacity 
at low temperatures decreases because low ambient 
temperature lowers reactivity of the electrode and 
cell voltage. This capacity deterioration is just 
temporary. The performance wUl recover at room 
temperature. 

The ambient temperature and the condition of 
discharge current vary by configuration of assembled 
battery same as cylindrical type, the actual battery 
pack to be checked. 

•3-4-4 Over^discharge 

Over-discharge leads to deterioration of 
performance. Use Lithium-ion batteries over the 
recommended voltage limits. 
In extreme cases that an assembled battery is 
deeply discharged, polarity of the cell with the lowest 
capacity wiU be reversed because the cells which 
compose the assembled battery have small 
differences of capacities. Repeated deep discharge 
could cause rapid deterioration of performance. Do 
not over-discharge batteries to avoid polarity reversal. 
For this reason, recommended discharge end voltages 
are hsted below. 

For 1 series( 3.7V) connection: 2.75V or higher 
For 2 series( 7.4V) connection^ 6.0V or higher 
For 3 series(ll.lV) connection^ 9.0V or higher 
For 4 series( 14.8V) connection^ 12.0V or higher 
In addition, each assembled battery is equipped 
with over-discharge protection circuit, which sets up 
the over-discharge limit voltage (2.0-2.4V). (Refer to 
section4 "Safety " for more details.) 



■3-5 Storage Characteristics 
•3-5-1 Outline 

Even when disconnected from a load after being 
charged, batteries lose their energy through self* 
discharge, which leads to capacity loss and lower 
voltage. The self- discharge of Lithium-ion battery is 
about 3%/month for 100%-charged state at room 
temperature, which is less than Ni-Cd and Ni-MH. 
Self-discharge rate depends on state of charge of 
battery and ambient temperature during storage. 
Practical self-discharge rate includes consumption 
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current of protection circuit that is built in assembled 

batteries. 

#3-5~2 Storage Temperature 

The relationship between storage temperature and 
residual capacity is shown in Fig. 3-9. 

High temperature increases the self-discharge 
rate. 



Fig.3-9: Storage Characteristics (Residual 
capacity rate) 
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#3-5-3 Recoverable Capacity after 
Storage 

Following long-term storage. Lithium-ion battery 
cannot recover 100% capacity by recharging. The rate 
of recovery depends on state of charge and storage 
temperature. In these cases, the lost capacity never 
recovers completely even after several cycles of 
charge and discharge. Fig.3-10 shows recoverable 
capacity rate after long-term storage from 100%, 40% 
charged state and discharged state. 

Fig.3-10: Storage Characteristics (recoverable 
capacity rate) 
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The higher the state of charge, the lower the 
amount of capacity becomes recoverable. Higher 
storage temperature increases the differences. In 
other words, recoverable capacity depends on the 
state of charge. The lower the state of charge, the 
more capacity can be recoverable. If stored at 
discharged state, except for overdischarged state, 
Lithium -ion battery can recover 100% capacity even 
at storage temperature of 60deg.C. 

A decHne of recoverable capacity rate is also caused 
by long-term storage at over-discharged state of 
below IV. This phenomenon appears earlier at higher 



storage temperature. The reason is that higher 
temperature accelerates self-discharge and will 
reduce the time taken for the cell voltage to reach IV. 
This is why Sanyo recommends that Lithium-ion 
battery is stored at low temperature and at 
discharged state unless it becomes over discharged 
state. 

#3-5-4 Precautions for Storage 

In order to optimize Lithium ion battery's 
performance, compliance with following conditions is 
recommended. 
(l)Storage Temperature, Humidity 
Ensure that the batteries are stored in non- 
condensing atmosphere with no corrosive gas. 
(Humidity 65-H/-20%) 

Less than SOdays: -20 to 50deg.C 
30 - 90days : -20 to 40deg.C 
More than 90days: -20 to 30deg.C 
Do not store out of above listed temperature range 
and/or at extremely high humidity, or leakage and 
rust could happen. 

(2) Long-term Storage 

Even though over-discharge protection is built 
into each battery pack, if it is stored connected to a 
load, the recoverable capacity rate tends to reduce 
because it takes shorter to fall down to over- 
discharge protection working voltage. For this 
reason, disconnect battery from load in a case of 
long-term storage, or battery could not be fully 
charged and the recoverable capacity rate could be 
deteriorated. 

Charge about 10% every 6months if the battery is 
not used for long periods. 

Please consult Sanyo on details because it depends 
on battery pack design (e.g. cell configuration, 
protection circuit). 

■3-6 Cycle Ufe 
#3-6-1 Outline 

In general, end of cycle life of secondary batteries 
is defined when capacity falls below 60% of the 
nominal capacity and no longer recovers by 
subsequent cycles. Cycle life largely depends on the 
cycle conditions such as charge, depth of discharge, 
current and ambient temperature. 

Fig. 3- 11 gives an example of cycle characteristics. 



- 13- 



Fig.3-11: Cycle Characteristics 
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Conditions that will reduce cycle life. 
-Over-charging with excessive voltage 
-Continuous charging 

-Charging and discharging with excessive current 
■Over-discharging to protection working voltage 
-Ambient temperature out of the recommended 
range. 

Unlike other kind of secondary, Lithium-ion batteries 
do not suffer from memory effect. 

#3-6-2 Factors affecting for Cycle Life 

(1) Reasons for Battery Cycle life Reduction 

Cycle hfe is determined mainly by the 
degradation of electrolyte causing a rise in internal 
resistance and decline of reversibility of electrode 
active materials. 

These kinds of phenomena are accelerated when 
charge-discharge conditions recommended by 
Sanyo are not maintained. 

(2) Battery Temperature 

Cell temperature is one of the factors that make 
a difference on cycle life of lithium-ion battery. 
Sanyo's recommendation is 0-40deg,C for charge 
and 0-60deg.C for discharge. 

Long-term storage of charged cells at high 
temperature also shortens the cycle hfe. 

(3) Condition of Charge 

Fig.2-13 shows the relationship between cycle 
number and charging voltage curve. After cychng, 
the CC area reduces and the CV area becomes 
extended. This transition occurs due to increase of 
internal resistance caused by charge-discharge 
cycles. 



Fig.3-12: Cycle Characteristics (Charge) 
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Above mentioned is referring to fuU charge- 
discharge. However, in practical use, most case is 
shallow charge -discharge. Lithium-ion battery has 
no memory effect like Ni-Cd and Ni-MH. 
Then, let us explain about shallow charge- 
discharge cycle characteristics. In a case of, for 
example, a experimental regular cycle of full 
charge - 50% discharge cycle, the cycle life is about 
twice as long as normal full cycle. This is shown in 
fig.3-13. 

Fig.3-13: Cycle Characteristics (Depth of 
Discharge) 
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Lithium-ion batteries have the regulated controlled 
charge voltage. Charging by voltage beyond the 
controlled voltage (over-charge) can deteriorate cycle 
life. And that also could cause heat, explosion and fire 
because of abnormal reactions inside the cell. 
Continuously charging without time control also 
reduces cycle life. Charging should be stopped at a 
given time hmit or when a specific current is reached. 

(4) Discharge Conditions 

After several hundreds cycles, discharge voltage of 
lithium-ion batteries reduces. Fig.3-14 shows 
relationship between number of cycles and discharge 
characteristics. The reason for this voltage change is 
due to the increase of internal resistance brought 
about by cycling. 
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Fig.3-14: Cycle Characteristics (Discharge 
Characteristics) 
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14-1 General Safety 



While a Lithium- ion battery exhibits the advantages 
of high energy density and high voltage, unhke the 
conventional metal lithium battery, it ensures high 
safety. As the name Lithium ion impUes, no lithium 
metal or alloy is present and lithium exists only in 
state of ions. 

However, Lithium-ion batteries contain combustible 
materials so to ensure maximum safety, strict tests 
and examinations are performed in case of 
appHcation failure or misuse. 

Moreover, the battery is protected from over charge, 
over discharge, and over-current by incorporating a 
protection circuit when it is assembled to the 
complete pack. 

Batteries supplied by Sanyo satisfy the guideline of 
safety for lithium rechargeable batteries and are 
approved by UL standards which is the organization 
evaluating body for 3rd party products. 



• 4-2 Safety Mechanism 

The cylindrical type of Lithium-ion battery is 
equipped with safety mechanisms, such as a current 
interrupt device, a gas release vent, and protection 
device like a PTC, in the battery. 

(1) Gas release vent with current interrupt device 
Fig4-1 shows the current interception for 
cylindrical type of Uthium ion battery. 

Fig.4-1 : Current Interrupt Device 



Positive Cap 1 



Gas Release Vent 




Current Intemipt Device 



Positive Cap 2 

The gas release vent works when the internal 
pressure rises with abnormal heat generation or over 
charge by failure of all of charger, protection circuit 
and protective device. 

Top part of gas release vent is welded on positive cap 
2, and the safety is secured with no conductivity 
lifting and detaching the vent from the welding. 
This function is for disconnecting the load by force 
when it is charged abnormally. 
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If the battery is exposed to extreme high temp and 
the internal pressure increases rapidly, the gas 
release vent works and the gas inside is released 
safely. 

(2) PTC 

PTC has 2 functions. It serves as a current fuse and 
a thermal fuse. Internal resistance increases with 
heat generation with high current flow. The value of 
internal resistance depends on the size of the element. 
Normally it is several 10m- -and if value increases 
to several 10k» -it trips to limit the current. 

Cylindrical type have round PTC inside of the 
sealing plate and it prevents abnormal heat 
generation when the current flows at a high rate 
caused by external short circuit or other reason. 

(3) Separator 

A separator is a micro porous film of high polymer 
that is based on technologies for Uthium batteries 
used in cameras. When abnormal heat is generated 
by external short circuit or other condition, the pores 
in the separator seal-up due to the separator melting. 
This cuts off the current. 

(4) Thermal Fuse 

Certain models of prismatic Lithium-ion batteries 
are equipped with current interruption devices such 
as thermal fuses. 

For assembled battery packs, the protection circuit 
is incorporated to prevent over-charge, over- 
discharge and over- current. A thermal fuse or PTC 
can be added when necessary. 

• 4-3 Criteria of Safety 

Batteries suppUed by Sanyo satisfy the guidehne of 
safety for lithium rechargeable batteries and are 
approved by UL standards which is the organization 
evaluating body for 3rd party products. 
The test requirements of Battery Association of Japan 
are as follows. 

Test Items of Battery Association of Japan 
4.3.(1) Electrical Test 

External Short Circuit Test: No explosion or fire 
after having 6hours short 
circuit made with less than 
5QmQ. lead between terminals. 
Forced Discharge Test: No explosion or fire after 
250% forced discharge of 
rated capacity. The test 
may be stopped when the 
current flow is prevented 
by operation of protection 
parts which are in the 
battery. 



Continuous Charge Test: No safety vent operation, 
deformation, explosion or 
fire after being 
continuously charged for 1 
month in conditions 
recommended by Sanyo. 
Over Charge Test: No explosion or fire after 250% 
charge with Sanyo recommended 
current. The test may be stopped 
when the current flow is prevented 
by operation of protection parts 
which are in the battery. 
Over Current Test: No explosion or ftre after having 
100% charge of rated capacity 
with 3 times as much as Sanyo 
recommended charge current. 
The test may be stopped when the 
current flow is prevented by 
operation of protection parts 
which are in the battery. 

4.3.(2) - 1 Mechanical Test 

Vibration Test: No deformation, explosion or fire with 
vibration for 90 - 100 minutes in the 
XYZ direction with the amphtude of 
0.8mm, frequency 10 to 55Hz 
sweeping speed iHz/in. 
Impact Test: No deformation, explosion or fire with a 
impact on XYZ direction, which the 
minimum acceleration for initial 3ms is 
75g and the peak acceleration is 
between 125g and 175g. 
Drop Test: No explosion or fire when dropped at 
random 10 times onto the concrete floor 
firom 1.9m height. 

4.3.(2) - II Mechanical Test = Abnormal Abuse 
Nail Test: No explosion or fire for 6hours after 
penetrated by 2.5 to 5mm diameter naU 
at center of / perpendicular to the cell . 
Crush Test: No explosion or fire with 13kN pressure 
having battery in between 2 flat iron 
plates. 

Impact Test: No explosion or fire when the impact of 
9.1kg weight drops firom 61cm height 
onto the battery which has 7.9mm 
diameter bar placed on it vertically to 
top terminal direction. 
Drop Test: No explosion or fire when dropped at 
random onto the concrete floor firom 10m 
height. 

4.3.(3) - 1 Environmental Test 

High Temp. Storage: (a) No explosion or fire with 
5hours storage in 100 • • 
followed by 24 hours in 20* r 
(b) No explosion or fire with 
30days storage in 60 • • 
followed by 24 hours in 20- • 
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Temp. Cycle Test: No explosion or fire with 10 cycles 
of 2hours storage in -20* -and 2 
hours storage in 60- • 

Low Pressure Test- No explosion or fire when left in 
11.6kPa atmosphere absolute for 
6hours . 

4.3.(3) - II Environmental Test = Abnormal Abuse 
Heating Test- No explosion or fire with GOmin. 

heating in an oven at 130* -which 
raised at a rate of 5- 2- hain. 
Immersion Test: No explosion or fixe with 24 hours 
immersion in water at room 
temperature. 

• 4-4 Protection Circuit 

The protection circuit to control charge and 
discharge is built into Sanyo Lithium-ion battery 
pack. By incorporating the protection circuit, the 
battery is protected firom over-charge, over discharge 
and over-current. 

Although there is a basic specification of the 
protection circuit, a detailed specification may be 
customized to suit the application. 

Also the protection circuit is customized if the pack 
configuration (e.g. terminal position, shape) is 
different fi^om other packs considering the 
productivity, but the function and the circuit remain 
the same. 

Fig 4-2 shows one example of the basic operation 
of protection circuit. 



Fig.4-2: Lithium-ion Battery for PCB Work 
Flow Chart 




(Over-Charge Protection) 

It protects the battery firom overcharge by 
misuse or charger failure. The overcharge is 
generally detected and the charging is stopped at 
Typ. 4.28-4.35V/ceU. 

The overcharge protection is released and reset 
when the voltage is dropped to Typ. 4.20V/cell. 



(Over- Discharge Protection) 

If a Lithium -ion battery discharges to about OV or 

is left for a long period in the discharged state 

less than l.OV, it wUl cause performance 

degradation. Therefore the over-discharge 

protection is equipped in the assembled battery 

pack. The voltage which detects over- discharge is 

usually set at Typ. 2.30V/cell. 

The over discharge protection is released and 

reset when the voltage rises more than Typ. 

2.3V/ceU. 

(Over Current Protection) 

In order to protect the protection circuit and the 
battery from overcurrent discharge, the over- 
current protection is equipped. It is set up so that 
it operates around 2A current flows usually. 
The overcurrent protection is released and reset 
when the battery is charged again. 
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5-1 Charging Outline 



5^?l%harging Method 



5-3 \ , Charging method of 
assembled battery 



■5-1 Charging Outline 

Generally, charging of Lithium-ion batteries is 
performed by constant current constant voltage 
charging method. Although amount of charge 
depends on charging voltage, exceeding each 
regulated value for current or voltage is forbidden. 
When charging starts with constant current and 
battery voltage reaches its designated value, it will 
change to constant voltage charging. The charging 
current begins attenuation and battery voltage 
approaches to fully charged state for regulated 
voltage. Charging by constant current need not to be 
precise and semi-CC is allowed. However, charging 
by constant voltage should be regulated precisely not 
to affect charging capacity or overcharge. 

Generally, higher current value for constant 
current area is thought to reduce total charging time. 
Despite charging at higher rate only means reaching 
voltage limit earUer, the overall charging time to 
reach full charge will remain almost the same. It is 
preferable that charging current is set to 0.5 -IC. 
Lower charging current value is also advantageous to 
cycle life. Battery charging is also affected by 
temperature and when charging at low temperatures 
the charging time will be extended. Charging at low 
temperature is not forbidden but best avoided. 



■5-2 Charging Method 

Generally, charging of Lithium -ion batteries is by 
constant current - constant voltage charging method. 
Since constant current-constant voltage charge is a 
charging method which controls charging voltage, 
charging voltage is usually set 4.2V. 

Fig. 5- 1 shows the general charging characteristics 
for prismatic type Lithium- ion battery. 

Fig.S-l: Charge Characteristics 
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Constant current charge is continued for 50 
minutes, and when battery voltage reaches 4.2V, it 
changes to constant voltage charge. Full-charged 
state is judged from two methods. One is defined by 
charging time, and the other is by charging current 
value (reduced current value in constant voltage 
area). For example, in Fig. 5*1, when charging time 
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passes over 150 minutes, charging current 
approaches zero, it can be judged to be fully charged 
in 180 minutes since commencing charging. Moreover, 
method with judging from current value has merit 
which can shorten charging time. 

■5-3 Charging method of 
assembled battery 

When charging assembled batteries which consist 
of two or more batteries, it is necessary to monitor 
battery temperature, voltage for each block and 
charging time. Fig. 5*2 shows general charging flow 
for lithium-ion batteries. 

Fig.5-2: Charging Flow Chart 



Evampte for 4,2V Type CeV 
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Initially, battery temperature is monitored with a 
thermistor inside battery pack, and if it is within 
allowable temperature range for charging, voltage of 
battery pack is checked. This check is required for 
confirming whether preliminary charge is needed, 
and when battery voltage is less than 3V, preHminary 
charge is necessary. Since charging current for this 
procedure needs to be under the condition that FET 
inside the protection circuit does not generate heat, it 
is necessary to carry it out at approximately O.lC. If 
battery voltage becomes more than 3V, rapid charge 
at IC is possible. It is necessary to terminate 
charging when current attenuates to 0.02-0.05C or 
less, or when OCV exceeds set voltage. In other words, 
charge current has to be complete zero. 

Re-charging should start from low state of charge 
which is caused by self-discharge and discharge 
drawn by both the protection circuit and FG system. 
This is because if batteries have been stored in a high 
state of charge at high temperature, ceU performance 
will deteriorate. 

A re-charging point could be decided by appUcation 
so that low level charged state does not inconvenience 
the customer. 
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■6-1 Outline 

Various safety features have been included in the 
design of the lithium-ion, however, misusing or 
mishandling batteries can lead to fluid leakage, heat 
generation, fire, or explosion, lb prevent these 
situations from occurring and to ensure safe use of 
Lithium-ion batteries, please strictly observe the 
following precautions. 

■6-2 Restriction on Usage 

#6^2-1 Restriction on Usage 
Environment 

•The recommendation temperature range for use of 
the Lithium -ion is as follows, 

Charge 0-40t: 

Discharge : -20~60t: 

Storage : -20-'50t: 
Above -Hsted temperature range is confined 
depending on the kind of protection circuits or 
protection devices that compose the pack. And also 
if using current is over 10, temperature range is 
confined. 

•Do not use or store a battery at high temperature, 
such as in strong direst sunlight, in cars under hot 
weather, or directly in firont of heaters. This may 
cause battery fluid leakage, impaired performance, 
and shortening of battery service life. 

•Do not charge a battery when it is cold (below 0°C), 
or outdoors at cold temperature (below 0°C). This 
may cause impaired performance and shortening of 
battery service life 

•Do not splash fresh or saltwater on a battery, or 
allow the terminals to become damp. This may 
cause heat generation and formation of rust on the 
battery and its terminals. 

#6-2-2 Restrictions on Condition of 
Use 

•Use our specified charger to charge Lithium-ion 
batteries, or observe the specified charging 
conditions. Failure to foUow proper charging 
procedures may cause excessive voltage, excessive 
current flow, loss of control during charging, 
leakage of battery fluid, heat generation, bursting, 
or fire. 

• Do not connect different assembled batteries 
together. This may cause electrical shocks, fluid 
leakage, heat generation, bursting, or fire. And also 
do not connect same assembled batteries in series. 
This may also cause electrical shocks, fluid leakage, 
heat generation, bursting, or fire. 
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■6-3 Preparation before Use 

#•8-3-1 Requests of Reading the 
Operation Manual 

#*Please emphasize in operation manual the 
description of "Before using Lithium-ion batteries, 
please be sure to read the operation manual and 
precaution. After reading the manual, keep it on 
hand and refer to it as necessary.** 

•As to how to charge the lithium ion battery, please 
read carefully the operation manual of charger. 

•As to how to install battery into a device and how 
to remove battery from a device, please read 
carefully the operation manual of the device. 

6-3-2 Do not Connect Batteries to a 
Power Source 

•^e Lithium-ion battery has -•-(positive) and - 
(negative) terminals. If a battery does not work 
when connected to a charger or device, do not 
attempt to force the connection. Verify the 
accuracy of + and - terminals. Charging the 
battery with the terminals reversed may drain 
rather than charge the battery, or cause abnormal 
chemical reaction inside the battery, abnormal 
current flow during discharge, fluid leakage, heat 
generation, bursting or Are 

••do not connect a Lithium-ion battery directly to a 
power outlet or insert it into a cigarette lighter 
socket in a car. High voltage may cause fluid 
leakage, heat generation, bursting or fire. 

6-3-3 Inspection of Batteries before Use 

•'If a newly purchased battery has rust, generates 
heat, or is abnormal in any other way, do not use it. 
Take it back to the store where you purchased it. 

••If a battery is to be used for the first time or it has 
not been used for a long time, be sure to charge it. 



■6-4 Non-specified Use 

••8-4-1 Do Not Use for Other Than 
Specified Use 

••3o not use the Lithium-ion battery in any device 
other than those specified by Sanyo. Depending on 
the device being used, doing so may cause 
abnormal current flow, leakage of battery fluid, 
heat generation, bursting or fire. 

•^here are some devices for which the Lithium -ion 
is not suitable. Read carefully the instruction 
manual and precautions for the device in which 
you want to use the Lithium ion battery. 



■6-5 Methods of Use 

#•8-5-1 Precautions for Users with 
Small Children 

•Keep Lithium -ion battery out of reach of infants 
babies and smaU chUdren. When charging or using 
a battery, do not let infants babies or small children 
remove the battery from the charger or the device 
being used. 

•If a small child is to use a Lithium-ion battery, be 
sure to carefully instruct the child on the contents 
of the instruction manual before use. During the 
time that the child is using the battery, be sure to 
monitor this and make sure that the battery is 
being used according to the directions in the 
manual. 

•^ avoid accidental swallowing, keep the batteries 
and the device out of the reach of babies and smaU 
children. If by any chance a battery is swaUowed, 
contact a physician (doctor) immediately. 

•6-5-2 Operation 

Do not use the Lithium -ion batteries together with 
other batteries of different type, brand name or 
capacity. That may cause leakage of battery fluid, 
heat generation, bursting or fire. 

•6-5-3 Do Not Misuse Batteries 

When using Lithium -ion batteries, be sure to 

observe the following precautions- 

••6o not dispose Lithium-ion batteries in fire or heat. 
Doing so may melt the insulation, damage the 
sealing parts or protective devices, cause leakage 
of battery fluid (electrolyte) from the batteries, 
bursting or fire. 

•-Bo not connect the -H(positive) and —(negative) 
terminals of Lithium *ion batteries with a wire or 
electrically conductive materials. Do not carry or 
store li-ion batteries together with metal 
necklaces, hairpins, or other electrically 
conductive materials. Doing so may short circuit 
the battery, which could result in excessive current 
flow and possibly cause leakage of battery fluid, 
heat generation, bursting or fire. When carrying or 
storing batteries, use an electrically nonconductive 
Gnsulated) case. 

••Use Sanyo's specified charger to charge Lithium- 
ion batteries, or observe the specified charging 
conditions. Failure to follow proper charging 
procedures may cause excessive voltage, loss of 
control during charging, leakage of battery fluid, 
heat generation, bursting or fire. 

••©o not solder a lead wire or plate directly to 
Lithium-ion batteries. The heat generated by the 
soldering may melt the insulation, damage the 
sealing parts or protective devices, cause leakage 
of battery fluid, heat generation, bursting or fire. 
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#"Bo not charge or use Lithium-ion batteries with 
the +(positive) and -(negative) terminals reversed. 
Charging the battery with the terminals reversed 
may drain rather than charge the batteries, or 
cause abnormal chemical reaction inside, 
abnormal current flow during discharge, leakage 
of battery fluid, heat generation, bursting or fire. 

#*Bo not connect a Li-ion battery directly to a power 
outlet or insert it into a car cigarette lighter socket. 
High voltage may cause excessive current flow, 
leakage of battery fluid, heat generation, bursting 
or fire. 

#*Bo not break open the casing of a battery or 

damage it. Doing so will expose the battery to the 

risk of a short circuit, and may cause leakage of 

battery fluid, heat generation, bursting or fire. 
••Bo not strike or drop Lithium -ion batteries. A 

sharp impact can cause leakage of battery fluid, 

heat generation, bursting or fire. 
#«Bo not connect two Lithium -ion batteries in series 

as this may cause leakage of battery fluid, heat 

generation, bursting or fire. 
#*Bo not transport Lithium-ion batteries by holding 

onto the connectors or lead wires, as this may 

damage the batteries. 

•6-5-4 Do Not Alter or Remove 

Protective Mechanisms or 
Other Parts 

Do not disassemble Lithium'ion assembled 
batteries. Doing so may damage the protection circuit 
or protective devices, cause an internal or external 
short circuit. It may also cause leakage of battery 
fluid, heat generation, bursting or fire. 

Do not disassemble Li-ion bare cells. There is the 
danger of flammable fluid being spilt. It may also 
cause an internal or external short circuit, leakage of 
battery fluid, heat generation, bursting or fire. 

Do not alter or reconstruct Lithium -ion batteries. 
Protective mechanisms (devices) for preventing 
danger are built into the assembled batteries. If they 
are damaged, this could result in excessive charging 
voltage, control loss during charging or discharging, 
leakage of battery fluid, heat generation, bursting or 
fire. 

••6-5-5 Do Nor Use in Ways Which 
Reduce Battery Safety 

In case of pack assembly, the gas release vent that 
releases internal gas is located at the sealing part {+) 
of the Lithium -ion battery (cylindrical type). Do not 
deform or cover this part or obstruct the release of 
gas. If the gas release vent cannot work properly, this 
could result in leakage of battery fluid, heat 
generation, bursting or fire. 

The gas release vent that releases internal gas is 
located at the sealing part (*) of some model of the 
Lithium-ion battery (prismatic type). Do not deform 
or cover the vent or obstruct the release of gas. If the 
gas release vent cannot work properly, this could 



result in leakage of battery fluid, heat generation, 
bursting or fire. 

••6-5-6 Do Not Use Continuously for 
Periods Longer than The 
Rated Time or with Loads 
Exceeding the Rated Load. 

Do not overcharge Lithium-ion batteries exceeding 
the predetermined charging period specified in the 
charger s instruction manuals. Also, do not recharge 
a battery fully charged. This may cause leakage of 
battery fluid, heat generation, bursting or fire. 
It could also deteriorate the performance or cycle 
life. 

•6-5-7 When Batteries Are Not in Use 

Be sure to turn off the equipment or the device 
after using Lithium *ion batteries. Failure to do so 
may cause leakage of battery fluid. 
During non-use, do not leave the lithium-ion battery 
connected to the equipment or the device for a long 
time, lb prevent leakage of battery fluid and 
corrosion (rust) during the period when the Li-ion is 
not being used, remove the battery fi"om the 
equipment or the device and store it in a place at low 
humidity and temperature of -20 to +30*0. Batteries 
that have not been used for a long time may not be 
fuDy charged. 

■ 6-^6 Maintenance and Inspection 

••6-6-1 Sanyo Recommends Periodic 
Inspections 

Lithium-ion batteries have a predetermined 
operating life. If the operating time shortens 
excessively, this means that the battery life has 
expired. If it comes to that point, stop use 
immediately and replace with new batteries. 

••6-6-2 Inspection and Cleaning 
(including label on unit) 

If the Lithium-ion battery terminals are dirty, 
clean them with a soft, dry cloth prior to use. These 
terminal dirt causes loose contact with the 
equipment or the device, loss of power, or inability to 
charge. 

■6-7 Countermeasures 

••8-7-1 Do Not Use Defective or 
Abnormal Battery 

If Lithium "ion batteries are not fully charged after 
the battery charger's predetermined charging period 
has elapsed, stop the charging process. Prolonged 
charging may cause leakage of battery fluid, heat 
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generation, or bursting. 

If Lithium -ion batteries leak electrolyte, change 
color, change shape, or change In any other way, do 
not use them. Usage may cause heat generation, 
bursting or fire. 

•6-7-2 Emergency Measures 

If leaked electrolyte comes in contact with the eyes, 
flush the eyes immediately, washing them thoroughly 
with clean water from a tap or other source, and 
consult a doctor. Leaked electrolyte can damage the 
eyes and lead to permanent loss of eyesight. 

If skin or clothing comes in contact with leaked 
electrolyte, wash this area immediately with clean 
water from a tap or other source. Leaked electrolyte 
can cause skin damage. 



■6-8 Precautions for the Design 
and Installation into 
Equipment Incorporated 
LithiumHon Batteries 

# Do not install Lithium-ion batteries near the 
transformers or other heat sources. This may cause 
leakage of battery electrolyte, impair performance 
or shorten the operating life of Lithium -ion 
batteries. 

•Design the equipment or the device so that battery 
current will not leak into the equipment or the 
device when it is switched off or in a non-operating 
status. Failure to observe this may cause leakage of 
battery electrolyte, impair performance or shorten 
the operating life of Lithium-ion batteries. 

• Use a material that has durability against the 
electrolj^e around the batteries. 

•Batteries should be fixed to prevent from shaking 
and damage to batteries when it is dropped or 
vibrated. 



■ 6-9 Regarding to recycle 

Lithium-ion battery is a designated product of 
"Recycle Law" (in Japan). The battery after using is 
valuable resource, so don't throw away. When a 
battery is no longer usable, after discharge, attach 
tape to the terminals or connection cord to insulate 
the battery and then cooperate recycle. Please 
contact Sanyo's oftice in your region for detail of other 
countries than Japan. 

■ 6-10 Others 

•When batteries or products with battery built-in 
are exported, Sanyo should be contacted regarding 
battery import/export regulations of the countries 
of destination. 



•When batteries or products with battery built-in 
are transported, Sanyo should be contacted 
regarding battery transport regulations. 

• Please understand that improvements, external 
appearances, types and specifications are subject to 
change without notice. 

•For safety reasons, please contact Sanyo regarding 
use conditions and equipment structure before 
marketing products with built-in battery. 

■6-1 1 Cautions to be Indicated on 
Lithium-ion battery 

The Lithium -ion battery includes flammable 
objects such as organic solvent. If the handling is 
missed, there will be possibility that the battery 
ruptures, flames or generates, or it will cause the 
deterioration or damage of battery. Please observe 
the following prohibitive matters. And also, adding 
protection device to the equipment may cause trouble 
affecting the battery, by the abnormaUty of 
equipment. In addition, mention the following 
matters as "Prohibition Points on Handle" in the 
instruction manual of the equipment, 
lb ensure safe use of the Lithium-ion battery, clearly 
indicate the cautions shown below on the battery. To 
make the cautions easier to understand, add the 
following marks. 



Use in cases where misuse of the 

battery creates a strong 
possibiUty of death or serious 
injury. 



A 



ID ginger 



Warning 



A 



Caution 



Use in cases where misuse of the 
battery creates a possibility of 
death or serious injury. 



Use in cases where misuse of the 
battery creates a possibility of 
mild or serious injury to the user, 
or damage to equipment. Also use 
in cases where misuse may 
adversely affect product quality 
and reliability. 
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(Lithium-ion Batteries Handling Precautions) 



Before using Lithium-ion battery, make sure to read this instruction manual and precautions. Keep the manual for 
future reference. For further information, contact Sanyo.. 



A Danger! 

• Do not disassemble or modify the battery pack. The battery pack is equipped with built-in safety /protect-ion 
features. Should these features be disabled, the battery pack can leak acid, overheat, emit smoke, burst and/or 
ignite. 

•Do not connect the positive (+) and negative(-) terminals with a metals object Do not transport or store the 
battery together with metal objects such as necklace, hairpins, etc. Otherwise, short-circuiting will occur, 
ovei^current will flow, causing the battery pack to leak acid, overheat, emit smoke, burst and/or ignite, or the 
metal object such as wire, necklace or hair pin can generate heat. 

•Do not discard the battery pack into fire or heat it Otherwise, its insulation can melt down, its gas release vent 
or safety features will be damaged and/or its electrolyte can ignite, possibly leading to acid leakage, overheating, 
smoke emission, bursting and/or ignition on it. 

•Do not use or leave battery near a heat source such as fire or a heater (SO'C or higher). If the resin separator 
should be damaged owing to overheating, internal short-circuiting may occur to the battery pack, possibly 
leading to acid leakage, overheating, smoke emission, bursting and/or ignition or the battery pack. 

•Do not immerse the battery pack in water or sea-water, and do not allow it to get wet Otherwise, the protective 
features in it can be damaged, it can be charged with extremely high current and voltage, abnormal chemical 
reactions may occur In It possibly leading to acid leakage, overheating, smoke emission, bursting and/or ignition. 

•Do not recharge the battery pack near fire or in extremely hot weather. Otherwise, high temperature can trigger 
its built-in protective features, inhibiting recharging, or can damage the built-in protective features, causing it to 
be charged with an extremely high current and voltage, and, as a result, abnormal chemical reactions can occur in 
it possibly leading to acid leakage, overheating, smoke emission, bursting and/or ignition. 

•To recharge the battery pack, use the battery charger specifically designed for the purpose and observe the 
recharging conditions specified by SANYO. A recharging conditions (higher temperature and larger 
voltage/current than specified, modified battery charger, etc.) can cause the battery pace to be overcharged, or 
charged with extremely high current abnormal chemical reaction can occur in it possibly leading to acid leakage, 
overheating, smoke emission, bursting and/or ignition. 

•Do not pierce the battery pack with a nail or other sharp objects, strike it with a hammer, or step on it 
Otherwise, the battery pack will become damaged and deformed, internal short-circuiting can occur, possibly 
leading to acid leakage, overheating, smoke emission, bursting and/or ignition. 

•Do not strike or throw the battery pack. The impact might cause leakage, overheating, smoke emission, bursting 
and/or ignition. Also, if the protective feature in it becomes damaged, it could become charged with an extremely 
high current and voltage, abnormal chemical reactions can occur, which can lead acid leakage, overheating, 
smoke emission, bursting and/or ignition. 

•Oo not use an apparently damaged or deformed battery pack. Otherwise, acid leakage, overheating, smoke 
emission, bursting and/or ignition of the battery pack may occur. 
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A Warning! 

#Do not use the battery pack In combination with primary battery pack (such as dry-cell battery pack) or 

battery packs of different capacities or brands. Otherwise, the battery pack can be over-discharged during use 

or overcharged during recharging, abnormal chemical reactions may occur, possibly leading to acid leakage. 

overheating, smoke emission, bursting and/or ignition. 
•Keep the equipment or batteries out of the reach of small children, in order to avoid them to swallow batteries. In 

the event the batteries are swallowed, consult a doctor immediately. 
•If recharging operation fails to complete even when a specified recharging time has elapsed, immediately stop 

further recharging. Otherwise, acid leakage, overheating, smoke emission, bursting and/or ignition can occur. 
•Do not put the battery into a microwave oven or pressurized container. Rapid heating or disrupted sealing can 

lead to acid leakage, overheating, smoke emission, bursting and/or ignition, 
•if the battery pack leads or gives off a bad odor, remove It from any exposed flame. Otherwise, the leaking 

electrolyte may catch fire, and the battery pack may emit smoke, burst or ignite. 
•If the battery pack gives off an odor, generates heat, becomes discolored or deformed, or in any way appears 

abnormal during use, recharging or storage, immediately remove it from the equipment or battery pack charger 

and stop using it. Otherwise, the problematic battery pack can develop acid leakage, overheating, smoke 

emission, bursting and/or ignition. 



A Caution! 



•Do not use or subject the battery pack to intense sunlight or hot temperatures such as in a car in hot weather. 

Otherwise, acid leakage, overheating, smoke emission can occur. Also, its guaranteed performance will be lost 

and/or its service life will be shortened. 
•The battery pack incorporates built-in safety devices. Do not use It in a location where static electricity (greater 

than the manufacturer' s guarantee) may be present Otherwise, the safety devices can be damaged, possibly 

leading to acid leakage, overheating, smoke emission, bursting and/or ignition. 
•The guaranteed recharging temperature range is 0 to 40'C A recharging operation outside this temperature 

range can lead to acid leakage and/or overheating of the battery pack, and may cause damage to it 
•if acid leaking from the battery pack contacts your skin or clothing, immediately wash it away with running water. 

Otherwise, skin inflammation can occur. 
•Children should not use the battery pack unless they have been carefully instructed on the contents of the 

Operation Manual and their parents or guardians have confirmed that the children understand and appreciate the 

proper usage and safety hazards presented by the battery pack. 
•Store the battery pack in a location where children cannot reach it Also, make sure that a child does not take 

out the battery pack from the battery pack charger or equipment 
•Before use. carefully study the Operation Manual and Precautions. Also. Safe-keep the manual for future 

reference. 

•For recharging procedures, refer to the Operation Manual of your battery pack charger, 

•if you find rust, a bad odor, overheating and/or other irregularities when using the battery pack for the first time, 
return it to your supplier or vendor. 
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Glossary 



Active material 



Assembled battery 



Cadnica 



The chemically reactive material in an electrode which generates 

electricity in a battery. 

A battery composed of two or more cells. 



Breaker When the battery temperature or the current reaches a certain level, the 

breaker opens the circuit and stops the current. It recovers after 

operating, and is built into the battery. 

C C is a value which expresses the rated capacity of a battery. Charging 

and discharging current are generally expressed as a multiple of C. For 
example, if the rated capacity is 1200 mAh, a current of O.IC is equal to 

1200* 0.1* i20mA. 

The brand name of Sanyo* s nickel-cadmium batteries. 



Cell 



The minimum unit of a battery. 



Charge efficiency 



Charge retention 
Depth of discharge 
Discharge capacity 



Discharge rate 



Electrochemical 
polarization voltage 

Electrolyte 
End voltage 
Energy density 
Gas release vent 



High-rate discharge 



Charge efficiency indicates the ease with which a battery can be charged. 
It is obtained by dividing the discharge capacity by the product of the 

charging current and the time. 

The amount of capacity remaining after a charged battery is stored for a 

period of time. 

Capacity removed from a battery as compared to its actual capacity. It is 

expressed as a percentage. 

The amount of charge taken from the battery when discharged at the 
rated current and ambient temperature until the discharge end voltage is 

reached. Generally expressed in units of mAh (milliampere -hours). 

Expresses the amount of current during discharging. If an amount of 
time * h* is required to reach the discharge end voltage when the battery 
is discharged at a current level • i* the discharge is called an • h* ••hour 
discharge rate, and • i* ns called the h* -hour discharge rate current. In 
practice the rated capacity is used as a standard for the discharge rate. 
The voltage between the battery terminals and the potential between the 
electrodes differ when current is flowing and when it is not flowing. This 
is called polarization. The difference in potential and in voltage is called 

the electrochemical polarization voltage. 

The medium which transmits ions (charged particles) during the 

electrochemical reaction in a battery. 

This is a limit voltage which indicates the point at which discharging 

must end. It is roughly equivalent to the usage limit in actual use. 

The amount of energy stored in a battery. It is expressed as the amount of 

energy stored per unit volume or per unit weight (Wh/r or Wh/kg). 

A safety mechanism that is activated when the internal gas pressure rises 
above a normal level. There are two types' Automatically resealable, and 

unresealable. 

Discharge at a current of 2 It or more. 



lEC publication 
Ion 



Leakage 



The standard specified at the International Electrotechnical Commission. 
An atom or group of atoms carrying a positive or negative charge. 



IR"drop A drop in battery voltage due to the internal impedance of a battery or a drop 

in voltage of a conductor which connects batteries. 

It * It* ts a standard shall be expressed as>' It(A)* C5(Ah)/l(li) C5 is the rated 

capacity of the ceU or battery, in ampere-hours. 



The leakage of electrolyte to the outer surface of the battery. 



Negative electrode 

Nickel-Cadmium 
battery 

Nominal capacity 



The electrode which has a negative potential. During battery discharge, 
current flows from the external circuit into this electrode. 
This is a secondary battery which uses nickel hydroxide as the active material 
in the positive electrode, and a cadmium compound as the active material in 

the negative electrode. 

The standard capacity designated by a battery manufacturer to identify a 
particular cell model. 



Nominal voltage Used to indicate the voltage of a battery. In the case of Lithium ion batteries, 
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it is 3.7 V per cell. 


Open circuit voltage 


The voltage between the two terminals of a battery with no load. 


Operating voltage 


The voltage between the two terminals of a battery when a load is connected. 




Normally the voltage when 50% of capacity has been discharged is indicated. 


Over-discharge 


Discharging a battery to the point that the voltage is lower than the end 




voltage set for the battery. 


Over-voltage 


The difference between the actual potential at which an electrochemical 




reaction occurs, and its theoretical equilibrium potential. 


Over-charge 


Charging a battery when it is already fully charged. 


Polarity reversal 


Reversal of the polarity of a battery due to forced over-discharge 


Positive electrode 


The electrode which has a positive potential. During battery discharge, 




current flows from this electrode into the circuit. 


Positive temperature 


A resistor with a positive temperature coefficient. When a large current flows, 


coefELcient 


its resistance increases and restricts the current. 


Pulse current 


A current which lasts only a short time. 


Ou a n ti tv of c\\ a r e^p 


Thp amnunt nf rharp"? iisjpH tn rViarcp a hatfpnr Tn tVip msp nf mnstnnt' piirir#ant' 




charging, it is obtained by multiplying the current by the charging time, and 




expressed in units of Ah (ampere-hours). 


Quick charging 


A method of charging at a large current in a short period of time. 


Rated capacity 


A basic value that indicates the capacity of the battery. Indicated on the 




battery case. 


Residual capacity 


Normally indicates the capacity remaining in a battery after partial 




discharge or prolonged storage. 


Reversal charge 


Reversing the* • • and* • polarity of the battery and forcing current to flow 




from the negative electrode to the positive electrode. 


Sppondarv hattprv 


A hattpTV whiPn onn np FPf*yt!iiri7pH anH impH fPTipnf'i^Hlv 


Self disrharffp 


A decrease in battery capacity which occurs without any current flow to an 






Separator 


The component within a battery, which separates the electrodes,' prevents 




fihn'ri'~cifPiiilHTi£r 51 nH hnlHs f'lip pTprtmlvf'j^ 


Short circuit 


Directly connecting the positive electrode (terminaD to the negative electrode 




(terminal) of the battery. 


Thermal fiise 


This is a fuse which melts when the temperature reaches a certain point and 




breaks the current. Once it melts, it can no longer be used. It is built into 




assembled batteries. 


Thermistor 


A circuit element with a negative temperature coefficient. It is built into 




batteries and used to detect ambient temperature or battery temperature. 


Trickle charging 


Charging a battery to compensate for loss of capacity due to self-discharge. 




Not necessary for Lithium ion battery because of its low self-discharge. 
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MEDIA CONTACT: Jonathan Sherwood (585) 273-4726 
May 12, 2005 

New 'Nuclear Battery' Runs 10 Years, 10 Times More Powerful 

A battery with a lifespan measured in decades is in development at the 
University of Rochester, as scientists demonstrate a new fabrication 
method that in its roughest form is already 10 times more efficient than 
current nuclear batteries — and has the potential to be nearly 200 times 
more efficient. The details of the technology, already licensed to BetaBatt 
Inc., appears in today's issue of Advanced Materials. 

"Our society is placing ever-higher demands for power from all kinds of 
devices," says Philippe Fauchet, professor of electrical and computer 
engineering at the University of Rochester and co-author of the research. 
"For 50 years, people have been investigating converting simple nuclear 
decay into usable energy, but the yields were always too low. We've 
found a way to make the interaction much more efficient, and we hope 
these findings will lead to a new kind of battery that can pump out energy 
for years." 

The technology is geared toward applications where power is needed in 
inaccessible places or under extreme conditions. Since the battery should 
be able to run reliably for more than 10 years without recharge or 
replacement, it would be perfect for medical devices like pacemakers, 
implanted defibrillators, or other implanted devices that would otherwise 
require surgery to replace or repair. Likewise, deep-space probes or deep- 
sea sensors, which are beyond the reach of repair, also would benefit from 
such technology. 

Betavoltaics, the method that the new battery uses, has been around for 
half a century, but its usefulness was limited due to its low energy yields. 
The new battery technology makes its successful gains by dramatically 
increasing the surface area where the current is produced. Instead of 
attempting to invent new, more reactive materials, Fauchet' s team focused 
on tuming the regular material's flat surface into a three-dimensional one. 

Similar to the way solar panels work by catching photons from the sun 
and tuming them into current, the science of betavoltaics uses silicon to 
captwe electrons emitted from a radioactive gas, such as tritium, to form a 
current. As the electrons strike a special pair of layers called a ''p-n 
junction," a current results. What's held these batteries back is the fact 



http://www.rochester.edu/news/show.php?id=2 1 54 



9/16/2005 



University of Rochester Press Releases 



Page 2 of 2 



that so little current is generated — ^much less than a conventional solar 
cell. Part of the problem is that as particles in the tritium gas decay, half of 
them shoot out in a direction that misses the silicon altogether. It's 
analogous to the sun's rays pouring down onto the ground, but most of the 
rays are emitted from the sun in every direction other than at the Earth. 
Fauchet decided that to catch more of the radioactive decay, it would be 
best not to use a flat collecting surface of silicon, but one with deep pits. 

A layer of silicon riddled with pits, each of which would fill with the 
radioactive tritium gas, would be like dropping the sun into a deep well 
lined with solar panels. Almost all of the sun's rays, no matter which way 
they were emitted, would strike a well wall. Only those rays that fired 
straight up and out of the well would be lost. With this reasoning, Fauchet 
devised a method to excavate pits into a microscopic piece of silicon. 

The pits, or wells, are only about a micron wide (about four ten- 
thousandths of an inch), but are more than 40 microns deep. After the 
wells are "dug" with an etching technique, their insides are coated with a 
material to form a p-n junction just a tenth of a micron thick, which is the 
best thickness to induce a current. The Advanced Materials paper details 
how these wells were dug in a random fashion, yielding a 10-fold increase 
in current over the conventional design. The team is already working on a 
technique to create and line the wells in a much more uniform, lattice 
formation that should increase the energy produced by as much as 160- 
fold over current technology. 

"Our ultimate design has roughly 160 times the surface area of the 
conventional, flat design," says Fauchet. "We expect to be able to get an 
efficiency that very nearly matches, and we're doing this using standard 
semiconductor industry fabrication techniques." 

Houston-based BetaBatt Inc. has formed to capitalize on the technology, 
and has recently been awarded a technology commercialization grant by 
the National Science Foundation (NSF). NSF funded the initial research 
as well. Collaborators on this research included one of Fauchet' s graduate 
students, Wei Sun, Nazir Kherani from the University of Toronto, Karl 
Hirschman from Rochester Institute of Technology, and Larry Gadeken 
fi-om BetaBatt, Inc. 
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Radioactive battery provides decades of power 



V\fednesday, 23 October 2002 

Imagine getting a small mechanical implant of some kind, whether it be a pace maker, or 
some other fancy device someone sees fit to Implant Into the human body, and never 
worrying about replacing the battery. Some scientist types at Cornell University in New 
York have found a way to make a very small battery powered by radioactive isotopes, tha 
could last approximately 50 years. Even though is carries a radioactive sticker on It, the 
amount of radiation released is very small and may provide safe for human use. Now if 

they could just make a laptop battery that'll last 50 years (as I glace to see I have 

63% power left) 



I Search Related Info 



< Prev 



Next Article > 



B 



Our Sponsors 



http://wwvv.geekextreme.eom/content/view/4344/7/ 



9/16/2005 



PowerPedia:Beta voltaic - PESWiki 



Page 1 of 5 



PowerPedia:Beta voltaic 

From PESWiki 

See also: Directory :Beta Voltaics 



Table of contents 

1 Introduction to Betavoltaic Technology 

1.1 Definitions 

1 .2 How a betavoltaic power cell works 

1 .3 History 

1.4 Fuel 

1.5 Limitations 

1.6 New approaches: Tritium Batteries 

1.7 New approaches: Stimulated Decay Batteries 

1.8 Applications 

1 .9 Environmental impact 

1.10 Conclusion 

1.11 See Also: 

1.12 Ref: 



Introduction to Betavoltaic Technology 

Betavoltaics is an alternative energy technology that promises vastly extended battery life and power density over 
current technologies. Whether betavoltaics will replace current battery technologies altogether remains to be seen. 
Recent developments however, are promising. The following is meant to provide a basic introduction to 
betavoltaics in general and the current state of the art in betavoltaic technology. 

Definitions 

Beta: meaning beta-electron, highly energetic electrons / positrons ejected during the decay of a neutron into a 
proton. 

Voltaic: pertaining to or producing electric current. 

Betavoltaic: producing / extracting electricity from radioactive decay. 

Betavoltaic power cell I battery: a device that captures beta-electrons emitted by a decaying radio-isotope for the 
purpose of producing useable electric power. 

How a betavoltaic power cell works 

A betavoltaic power cell is composed of semiconductors and at least mildly radioactive material. As the 
radioactive isotope decays, it emits beta particles (electrons.) Internally, the impact of the beta electron on the P/N 
junction material causes a forward bias in the semiconductor. This makes the betavoltaic cell a forward bias diode 
of sorts, similar in some respects to a photovoltaic (solar) cell. Electrons scatter out of their normal orbits in the 
semiconductor and into the circuit creating a useable electric current. 
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History 

Betavoltaic power cells are sometimes referred to as betavoltaic batteries, atomic batteries, nuclear batteries, 
nuclear micro-power sources / devices, or stimulated / accelerated isotope decay power cells. They are sometimes 
described with the prefix "long-lived" since theoretically they can last as much as 20 years or more. They have 
been developed since the 1950's. They were initially desgined to meet the high- voltage, high-current draw 
requirements of electrically powered space probes and satellites. (For example, the Army Research Lab did 
betavoltaic testing in 1954 using dissimilar metals. In one device not much larger than a car battery they were 
successful in achieving a 70 watt output for a short time.) The modem Betavoltaic power celFs standard operating 
voltage is between lOOkV and L5 million kV in potential, however they are capable of being adapted for lower 
voltage power requirements. 



Fuel 



Betavoltaic devices are not "free energy" or over-unity devices. Betavoltaic devices use radioactive isotopes as 
their source of fiiel. 



Betavoltaic devices are not nuclear reactors in the traditional sense. Unlike typical nuclear power generating 
devices, betavoltaic power cells do not rely on a nuclear reaction (fission / fusion) or chemical processes (as in 
most batteries) and do not produce radioactive waste products. The atomic nuclei (protons and neutrons,) is not 
split apart or fused with other nuclei. Rather, this process takes advantage of beta (electron) emissions that occur 
when a neutron decays into a proton. 

The theory behind this technology is relativistic in nature: protons and neutrons are essentially highly compressed 

and more or less stable forms of energy (E=MC^). The decay of a neutron into a proton releases large amounts of 
electrical energy. Neutron beta-decay into protons is said to be the world's most concentrated source of electricity. 



Limitations 

Several limitations can inhibit the efficiency of betavoltaic power cells. One limitation of betavoltaic power cells 
is the re-absorption of electrons in the radioactive source itself In order to reduce the self-absorption of beta 
energy, the radioactive isotope must be incorporated into the lattice of a semiconductor. 

Another limitation is that the highly energetic electrons tend to wear down or break apart the internal components 
(semiconductors) of the power cell. Much of the betavoltaic research conducted over the years has been in 
identifying more durable semiconductors for power cell applications. Materials research in long lasting 
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semiconductors which can take the punishment of long term exposure to beta-electron impact has been conducted 
by Sandia National Labs of NM in partnership with the University of New Mexico. One promising material is 
called Icosahedral Boride. This is a very hard semiconductor material which may lead to a technology for direct 
conversion of the beta electron energy into electric current. The unique structure of these semiconductors allows 
for the design of safe, high-output devices. 

New approaches: Tritium Batteries 

Thin-film tritiated amorphous silicon cells have been built. These cells are often called tritium batteries. Tritium 
batteries are cheap, long-life, high energy density, low-power batteries. They have a specific power of 24 watts 
per kilogram, a full load operating life of 10 years, and an overall efficiency on the order of 25%. Tritium is 
readily substituted for the hydrogen present in hydrogenated amorphous semiconductors. Tritiated amophous 
films are mechanically stable, free from flaking or blistering, with good adherence to the substrate and may be 
simultaneously deposited onto both conducting and insulating substrates. The deposition technique is a discharge 
in tritium plasma. The silicon layer sputtered in a tritium / argon ambient environment at temperatures below 
300'C results in a tritiated amorphous silicon film with the tritium concentration varying from 5 to 30% depending 
upon deposition conditions. Tritium however, is typically only produced inside traditional nuclear (fission) 
reactors. Radioisotopes other than tritium, may also be used as a source of energetic electrons such as krypton-85 
for example. 

New approaches: Stimulated Decay Batteries 

One new development in betavoltaic technology are the attempts at controlling output by artificially stimulating / 
accelerating the natural beta-decay rates of various materials. This stimulation is usually electro-magnetic and / or 
acoustic in nature. A common misconception is that electro-magnetic stimulation of atomic nuclei is impossible 
given that the nucleus is highly resistant to electron bombardment. Electrons are typically repelled by the nucleus. 
Rather than enter the nucleus, they instead tend to orbit in cloud-like formations. When electrons are expelled 
from the nucleus during beta decay, they are expelled violently with extremely high velocities, (hence the term 
"high energy electron" or "beta-particle".) However, the methods typically used in beta decay stimulation / 
acceleration involve so-called "standing wave" technology (also called "longitudinal" or "scalar waves". See also 
"scalar interferometry".) 

Some promising fuel sources for stimulated beta-decay include: Potassium-40 Molybdenum- 100 Zinc-70 

These isotopes have a decay rate of many thousands of years. For this reason they are not regulated by the United 
States government as are many more energetically radioactive materials (those with short half-lives, that is: rapid 
decay rates). These isotopes have been found to have significent beta decay energy. Many of these are light 
metals and can be inexpensively plated. 

Applications 

Betavoltaic devices have several promising applications which include: 

Aerospace: satellite and other unmanned vehicle power supplies. Power industry: power sources, backup power 
sources, and remediation of radioactive waste through artificial acceleration of natural isotopic decay rates. Bio- 
technology: long lasting electrically powered implants. Counter-terrorism: radioisotope detection sensors for 
nuclear and / or radiological (so-called "dirty bomb") devices. 
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Although consumer applications are being developed, it is uncertain whether consumers will be willing to adopt 
"personal nuclear technology" given the pervasive negative sentiment toward nuclear power in general as 
inherently unsafe. 

Environmental impact 

The isotopes used in stimulated decay betavoltaic devices are electronically pumped. They are inert when the cell 
runs out of power. This eliminates the possibility of toxic or radioactive waste. 

A thick epoxy shield prevents the chemical components of these cells from leaking out and entering the 
environment. Also potentially useful in sheilding these devices are a new class of metals called "liquid metals": 
metals with amorphous (as opposed to crystalline) structures. 

The long life-span of these devices (as much as 10 to 30 years of continuous use,) means that many fewer of them 
need to be sold than regular batteries thus helping to minimize environmental impact. 

Conclusion 

Betavoltaic technology is the science of deriving useful electrical power from the beta decay of certain radioactive 
isotopes. There are inherent theoretical limits to the efficiency and output of betavoltaic devices; however, their 
output even at low eflFiciencies can be quite significant. Betavoltaic technology has a fairly long history (50 years 
or more,) but has benefitted significantly from recent breakthroughs in materials science, nanotechnology and 
quantum electrodynamics. Betavoltaic technology holds particular promise for the aerospace, security, and power 
industries. The environmental impact of this technology appears minimal, especially when compared with current 
battery technology. 
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